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In re application of: 



CONN ET AL. 
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For: PURIFICATION OF HUMAN TROPONIN I 



Assistant Commissioner of Patents 
Washington, D.C 20231 



Dear Sir: 



Declaration Of Philip Ropp Pursuant to 37 CFR §1.132 

1 . I, Philip Ropp, residing in North Carolina, state that the following is true and correct 
to the best of my knowledge, under penalty of perjury. These statements are made 
with the knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment or both under Section 1001 of Title 18 USC and that such 
willful false statement may jeopardize the validity of the instant patent application or 
any patent issuing thereon. 

2. I am an Associate Director of Purification Development for Diosynth RTP, Inc. 
Diosynth RTP is a company of Akzo Nobel NV, the assignee of record. My office is 
located in Cary, North Carolina, USA. 

3. My educational background includes a doctorate in biochemistry from University of 
North Carolina at Chapel Hill. 

4. As an Associate Director for Purification Development, I am involved in application 
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B. Remarks 

The Advisory Action issued by the Examiner on September 24, 2003 stated that 
the Amendment of August 15, 2003 was not entered. Applicants have now amended 
Claim 1 and made argument to overcome the rejections. Claims 1,3-9, and 13-20 are 
pending. 

1. 35 USC §112, 2 nd 1 

Claims 1-9 and 1 3-20 stand rejected under 35 USC §1 12, 2 nd % as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which 
Applicants regard as the invention. 

Applicants have amended the claims and submitted the Declaration of Phil Ropp 
(attached as Exhibit A) in support of Applicants assertion that the claims are clear as 
written. 

The amended claims language is "[a] method of preparing naturally occurring 
Troponin I for purification , which method comprises protecting free sulfhydryl groups of 
Troponin I under reducing conditions, wherein the free sulfhydryl groups are protected 
by sulfitolyzation." The added phraseology of "for purification" was inherent from the 
disclosure and does not act to further limit the claims. However, the phraseology does 
point out that we are preparing the naturally occurring Tnl for purification, thereby 
overcoming the rejections. 

2. Double Patenting and Provisional-Type Double Patenting 
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of the technology of the instant application. 

5. It is my opinion that people ordinarily skilled in the art understand the meaning of 
"protecting" and "deprotecting" sulfhydryl groups. These terms are also commonly 
referred to as "blocking" and "deblocking" (Chan 1968, Kim et al. 1997, 
Mukhopadhyay 2000). 

6. It is well known in the art that the purification of proteins that contain multiple 
cysteine residues can be complicated due to the formation of disulfide linked 
aggregates and/or disulfide isomers. To simplify the purification process the 
disulfide bonds are routinely reduced with a reducing agent. This allows for the 
purification of a homogeneous form of the protein. During the purification the 
protein needs to be maintained in a reducing environment to prevent the spontaneous 
reformation of disulfied bonds or the free sulfhydryl groups can be protected by 
reacting the reduced protein with chemical agents that react with the sulfhydryl 
group. 

7. Part of the novelty of the instant invention was in protecting the free sulfhydryl 
groups. By protecting the free sulfhydral groups, the protein no longer needs to be 
maintained in a reducing environment. 

8. Further novelty is found in that the sulfhydryls are reversibly protected. In this 
manner, the protecting group can be removed at some point in the process. 

9. Oxidative sulfitolysis is a cyclic process in which disulfide bonds are reduced by a 
reducing agent, in an embodiment of the patent, the reducing agent is sulfite, to 
generate one S-suIfonated cysteine residue and one half-cystine residue. The 
oxidizing agent, in and embodiment of this patent, is tetrathionate. The half cysine 
residue is converted back into a disulfide starting the cycle again. In the presence of 
excess reagents, this process continues until all cysteins have been converted into the 
S-sulfonated form (see figure 1A of the patent). 

10. It is well known in the art that protected cysteine S-sulfonates are produced by 
oxidative sulfitolysis. They, themselves disulfides. These cysteine S-sulfbnates can 
then be readily reduced, or deprotected, back to cysteine, with a free sulfhydral, by 
any common reducing reagents such as dithiothreitol, 2-mercaptoethanol, cysteine, 
or gutathione to name a few. In this patent, the deprotection, or reduction, of the 
sulfonated protein is effected by dithiothreitol (see figure II of the patent). 

11.1 have enclosed copies of three prior art articles that disclose protecting/deprotecting 
and/or blocking/deblocking. (Referenced below) Accordingly, it is my opinion that 
one skilled in the art would find the claims definite and understand the step(s) for 
protection/deprotection. 
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A method for the complete S sulfonation of cysteine residues in proteins, 

Biochemistry Volume 7, Issue 12, December 1968, Pages 4247-4253 
Chan, W W-C 

Molecular assembly of the extracellular domain of P2X2, an ATP-gated ion channel, 

Biochemical And Biophysical Research Communications, Volume 240, Issue 3, 
November 26, 1997, Pages 618-622 
Kim, M; Yoo, O J; Choc, S 

Reversible protection of disulfide bonds followed by oxidative folding render 
recombinant hCGbeta highly immunogenic, Vaccine, Volume 18, Issue 17. March 6, 
2000, Pages 1802-1810 
Mukhopadhyay, A 
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BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 240, 618-622 (1997) 
ARTICLE NO. RC977713 



Molecular Assembly of the Extracellular Domain of P2X 2 , 
an ATP-Gated Ion Channel 

Miran Kim,* T Ook Joon Yoo,T and Senyon Choe* 1 

* Structural Biology Laboratory, Salk Institute for Biological Sciences, La Jolla, California 92037; and 
^Department of Biological Sciences. Korea Advanced Institute of Science and Technology. Taejon, Korea 



Received September 29. 1997 



We have produced the putative extracellular domain 
(ECD) of the ATP-gated ion channel, P2X 2 , in a bacte- 
rial expression system. The hexahistidine-tagged pro- 
tein was purified by immobilized metal affinity chro- 
matography and refolded by sulfitolysis and dialysis. 
We demonstrate that P2Xit-ECD forms a stable tetra- 
mer in solution by gel filtration chromatography, dy- 
namic light scattering and analytical sedimentation 
centrifugation. [a- 3s P]ATP has been covalently cross- 
linked by UV irradiation to the P2X a -ECD and this 
binding is specific and competable by antagonists sur- 
amin and cibacron blue. These results indicate that 
the binding affinity among P2X 2 -ECD suhunits is ap- 
preciably stronger than 3.4 fJ-M (0.1 nig/ml), implying 
that the extracellular domain of P2X Z is primarly re- 
sponsible for tetramerization of whole P2X a and thus 
probably plays a role in determining homo- and heter- 
omerlzation specificity of P2X channel subunits. e is»7 

Academic Press 



P2 receptors are cell surface proteins which mediate 
the physiological effects of extracellular ATP in mam- 
malian cardiovascular, immune and nervous systems. [ 
P2 receptor subtypes have been defined according to 
the relative potency of various nucleotide agonists and ' 
by differences in signal transduction mechanisms. By 
these criteria, five main subtypes have been proposed ' 
to exist: P2Y, P2U, PZT, P2X and P2Z (1-3) . Physiologi- 
cal studies and molecular cloning of functional cDNAs 
encoding many of these receptors have revealed a large j 
family of C-protein coupled receptors (P2Y, P2U, and 
possibly P2T) and ion channels (P2X and P2Z) that , 
are responsive to ATP. At present, there are 7 known 
subtypes of P2X receptors sharing approximately 40% ' 
sequence identity (P2Xi - P2X 7 ) (4-14). The P2X recep- J 
tors (including the recently Identified P2X 7 , formerly j 

1 Corresponding author. Fax: 619-452.3683; E-mail: choe<*sbl. 1 
salk.edu. 1 
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P225 contain an Intrinsic ion channel which is approxi- 
mately equally permeable to small cations (Na + , 
and Ca z+ ) and is directly gated by ATP. Expression of 
a single cDNA clone in Xenopus oocytes or transfected 
mammalian cells is sufficient to direct the synthesis of 
functional, ATP-gated ion channels on the surfaces of 
these cells. In these expression systems there are phe- 
notypic differences among the receptors, particularly 
with respect to rates of desensitization and relative 
sensitivities to the agonist «/7-meATP and the antago- 
nists PPADS and suramin (11, 15). 

The largest family of ligand-gated ion channels in- 
cludes the acetylcholine, serotonin, glycine, and GA- 
BA A receptors. Based largely on studies of the acetyl- 
choline receptor, these proteins are believed to consist 
of 5 subunits arranged in a toroidal fashion to delineate 
a central aqueous pore. Each subunit consists of a large 
amino-terminal extracellular ligand-binding domain 
followed by four transmembrane segments. The P2X 
receptors define a novel structural motif for ligand- 
gated ion channels in which each subunit Is proposed 
to have two transmembrane domains flanking a large 
putative extracellular loop. The occurrence of only two 
transmembrane domains is reminiscent of the in- 
wardly-rectifying potassium channels, wee or mecha- 
nosensory channels from C. elegans, and amiloride-sen- 
sitive sodium channels which are believed to be com- 
posed of four subunits (16-19). 

P2X 2 has been recently characterized as one of the 
P2X receptor family members, originally isolated from 
a cDNA library of rat pheochromocytoma PC 12 cells 
differentiated with nerve growth factor (5). P2X Z recep- 
tors, which has shown expression in several tissues, 
bladder, brain, spinal cord, intestine and vas deferens, 
are sensitive to the antagonist suramin. P2X 2 functions 
as cation-selective ATP-gated ion channel, which is 
thought to be activated by ATP binding to the extracel- 
lular domain of P2X 2 (5). 

Little is known about the family of P2X 3 receptors 
on the molecular level. Which regions of the receptor 
form the ligand-binding pocket and how do they inter- 
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FIG. 4. {A) Chramatogram from gel filtration with FPLC S200 
sizing column. The elutlon volumes of four different molecular weight 
standards are : SI, Blue dextran (2.000 K, 43-58 ml); S2, Bovine 
sertm albumin (67 K. 73.27 ml); S3, Ovalbumin (-43 K. 80.15 ml); 
S4. Chymotrypstn (25 K, 89,78 ml), (inset) data from dynamic light 
scattering measurement (Biotage) (B) Equilibrium sedimentation 
profiles of P2X r ECD at 7,000 and 10,000 rpm and at 3 different 
protein concentrations (0.1,0.2. and 0.5 mg/ml) at the start of centrlf- 
ugatlon were shown in absorbaiKe at 280 nm. The bottom panel is 
the residuals after curve fitting, which shows no systematic errors. 



topological similarity of P2X receptor channels to in- 
ward rectifying ion channels, the tetrameric form of 
P2X Z -ECD may represent the naturally assembled 
form of the P2X Z receptor channel. It also implies that 
the extracellular ligand-binding domain of P2X 2 recep- 
tors may play a major role in determining subunit spec- 
ificity and tetramer formation in vivo. 

P2X 2 -ECD contains ten cysteines, which may form 
up to five intramolecular disulfide bonds. Blocking the 
formation of disulfide bonds by sulfitolysis during pro- 
tein refolding is essential to yield soluble and correctly 
folded protein. Based on the functional and structural 
parameters we have tested, our P2X 2 -ECD behaves like 
the natural P2X Z channel in the membrane indicating 
that it has achieved a native-like fold. N-terminal 
amino acid sequencing revealed that after the hexahis- 
tidine tag was removed by thrombin digestion, and the 
new N-terminal residue was Ser H . In addition, mild 
trypsin treatment eliminated 25 to 27 N-terminal resi- 
dues, leaving Val 79 and Gly 81 at the N-terminus of the 
truncated protein (not shown). These sites are appar- 
ently trypsin-sensitive and solvent-exposed, possibly 
bridging the N-terminal segment (Ser 54 to Val 79 ) to the 
rest of the polypeptide chain. Interestingly, this seg- 
ment appears to be important in protein refolding be- 
cause the truncated protein does not refold in the same 
manner. 

We have observed specific binding of ATP to the puri- 
fied P2X 2 -ECD in photoaffinity crosslinking experi- 
ments. Although these crosslinking experiments can- 
not be used for quantitative determinations, due to the 
possible decrease in photocrosslinking efficiency in dif- 
ferent assay conditions, it is clear that an excess 
amount of nonradioactive ATP prevents the crosslink- 
ing of radioactive ATP. For instance, denatured P2X 2 - 
ECD shows no difference in radioactivity between 
crosslinking in the presence or absence of excess 
amount of nonradioactive ATP, indicating that the na- 
ture of nonspecific ATP binding is irrelevent to occu- 
pancy of specific ATP-binding site. The decrease of 
ATP-specific labeling by suramin and cibacron blue is 
also consistent with the interpretation that the access 
to the ATP-binding site is inhibited by these antago- 
nists. Direct measurement of binding affinity of P2X Z - 
ECD to various agonists and antagonists is currently 
underway. Preliminary data suggest that the presence 
of divalent cations might be crucial for measurable 
binding of the ligands. 

The amino acid(s) crosslinked to ATP are likely to 
be similar among those of the ATP-binding pockets of 
related receptors, and they probably play a structurally 
similar, crucial role for the channel activation of P2X 
receptor. With the soluble preparation of functional 
P2X 2 -ECD, It will be possible to identify those positions 
biochemically after photoaffinity labeling. Further- 
more, those positions can be mutated individually and 
single-point mutants can be characterized for its ATP- 
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FIG. 1 Predicted topology of the P2X 2 receptor (55 The P2Y 
pute«ve membrane-spanning segment, (Ml and M^vtrse t™ 

oh n, ^ °* °f Pl r ma memb ™« ^ connected by ZTydro- 
ph.Ilc segment of -270 amino acids that encompasses ^Zd 
binding domain (P2X 2 -ECD). ^ ™ "S 3 ™" 



act wKh nucleotide on the molecular level? How do the 
k>dX receptor subunits interact with each other to form 
homomenc or heteromeric complexes? i n the present 

h Tu ° U f ht t0 addreSs sonie ° f these ques- 
tions through the characterization of the ligand-blnd- 
ing properties and quaternary structure of the extracel- 
kteu do main of P2X 2 (P2X 2 ~ECD).* This protein frag- 

Jn^ 88 ^T^***"* ln bacteri a. solubilized 
m urea, and refolded. Analytical ultracentrifugation 
dynamic hght scattering, and gel filtration chromatog- 
raphy mchcate that the P2X 2 -ECD forms a stabte tetrf - 
prr\ ° n> We demo " s ^te this purified, refolded 
nl« 7 n ° W P rovides a dir ect means to biochemi- 
cally and structurally characterize the ATP binding 
site or the P2X Z receptor. 

4 

MATERIALS AND METHODS 

Construction of P2XrECD plasmid. The P P2X 2 -ECD encodes a 
sequence of extracellular ATP binding domabi of P2X 2 exceoTm 

o -K A [N0Vag T ) V F1 ^ 1 Sh0WS ^J*"*** topotoglckl mode" 
n I » ♦ r 4i ra8ment ° f the °P Brt ™ding frame ufthe P2X,-ECD 

V* t - LG CGC GGC AGC CAT ATG AAA Ar,r TAC PAf 
- 3 ' ««d 5'-CC ACG GAG CTCGAA TTC GGA TC£ 



Abbreviations: P2X 2 -ECD, extracellular domain of P2X 2 ; FPLC 
fast process | Iquid chromatography: SDS-PACE. sodium dodecyi su7- 
fate-polyacrytemide gel electrophoresis; NTSB, dlsodium Z-rttrt s 
tfaosulfobenzoate: IPTG, isopropyl-^.^^^^ ^f^'™ 5 " 
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tag, and thrombin cleavage site resoectiv.»l<, tks. > ' c *' u " 5,:laine 
results in the addition of I stop iZr i ^K^ 

Expression ofPZXt-ECD. The olsKmlri fr,P9V n»-r» 
formed into Vl„ (D] g ^0^^%^ 

«#nQ. The overnight culture was diluted 1:200 in thelam me 
d.um and grown until A*,, was 0.6-1 .0. Protein ^ 
hen induced at 30«C by the addition of 200 Im Z^ZJu 

Ivso^f 0i l 0/ ^f CA CeJ,s were ^ b v * combination of 
at 37°? a rf 3 "*? s ° nJcation - C^l pellets were thawed quickly 

mM Nad 2% Triton XlOO) of 10 times the wet volume Lys'Lme 
was ncubated for 30 min on ice. The lysate was sonicated and cell 

i ">.0C0 X g for 20 min^he 

Tho n F ■ ? 0,114 NaC1 - 2 M u ™ a - 3 inM/3-mercaptoethanot) 
Ss oH 8 0^0 reSU fPr ded in ^ubUization^uirefl 3 
and bvrcck?n D „ ^ Urea ' 150 mM NaCI - 5 mM -9-tnercaptoethanol) 
and by rocking gently at room temperature for 1 h Insoluble materia? 

arid the soluble fraction was subsequently subjected to Ni-affinitv 
c^matography. The S oluble fraction wi incubatS for 2 * S 
uSS^H f W Ch * P^^^^ated in solubiltotion buffer 
Tr^oH gTfiOM 35 rem ?^ hashing the resin with 20 mM 
iris, pH 8.0, 8.0 M urea. 150 mM NaCI. 5 mM imidayni^ R n , 
proteb, was eluted with the same buffer c'onta^lg^mM fZt 

^Jt%^f 0n ^Z U ! tty ° !the eIUted "-ctionsTere^t 
mated by Bradford method (20) and by a 15% SDS-PAGE. 

SuimoIjKis and refolding ofPSX^ECD. Prior to sulfitolvsis the 
protean solution was adjusted to pH 9.0 by adding 0.5 N NaOH 'and 

T^ P nT^4r th SUme molar excess) for lOroTn 

Then NTSB stock solution (21) was added In the amount of 0 5 mi 

(10 Z C ° tel " ""t ^ f ° r 30 Mn - At 5 ™ 'ntervals. aUqL^ 
(10 Ml) were removed and diluted with 0.1 M Tris buffer (pH 9 0) 

rfthe ZrT CB u 412 " m ^ measUred to determine the endpoint 
of the reaction. Urea was removed gradually by dialysis acainst a 
njirumum of 20 volumes of buifer A (20 mMTris^ *$? 0 fso™ m 
^ff'ii urea. Sulfite ^upswcre removed 

dte^f tth mM 5— To remove the wi, ^ 
dine tag from the amlno-terminus of P2X 2 -ECD. thrombin (1-1000 
^mbln:protein by weight) was added ^ ^otein^ution a^d 

^01 STur^ aealnSt butter B P ]us 5 W-mercaptoeS, 
anol and 2.5 mM CaCl 2 at 4'C. overnight. Finally, P2Xj-£CD nrotein 
was purified by gel filtration chromatography (Sup^dex SZOO^hi 

^^^^^^^^'-^^ 

J^ZuiSp^ 4 ^r1 h^ b EC «P ( i° ^ W3S i" CUbated 
: _ V" lr at * or 2 h in buffer B plus Z mM MoCI, 

^led^ir 4if ° ^" cubated *lth IO P 0 ,M ZraalS: 

.rradiatln A 1 ^ cond!tio " P rlor 1:0 *»» exposure to the UV 

S SS m ^ te ?™' SamplCS Were «mHltal»d by a hand- 
held UV (254 ran) lamp for 10 min at a distance of 5 cm. Protein 

SEffi at^ addiU ° n ° f 2 VOlUmeS 0f roJd 
SDS PAGE n ■ ^ ""^ht and were subsequently analyzed by 

autor ad io«r a phed at -3CC usin^ 

/Ifla/rrica/ ultracentrifugation. Sedimentation equillbrta were 
determined with a Optima XL-1 ultracentrifuge (Beckman) Three 
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FIG. 2. Purification of P2X Z -ECD on Ni-NTA chromatography. 
Induced proteins were extracted With 8 M urea and the soluble frac- 
tion was loaded onto a Ni-NTA column and chromatographed as 
described in the Materials and Methods. (A) Lane 1, total 8 M urea- 
sohibiltzed proteins; lane 2. flow- through: lane 3. proteins eluted by 
low concentration of imidazole: lanes 4-6, eluted fractions with 250 
mM imidazole. The positions of molecular size markers are shown. 
(B) Coomassie stained SDS-PACE of refolded P2X r ECD before and 
after the cleavage of hexahistidine tag. Lane 1. before cleavage (31 
kDa); lane 2, after cleavage (29 kDa). 



concentrations of P2X r ECD (0.1. 0.2. and 0.5 mgtal) in 120 »\ vol- 
ume each were centrifuged at two centrlfugation speeds (7 K and 10 
K rpm) for 16 h to ensure the equilibrium. Absarbance at 280 mi) 
was measured at 1 h time intervals.^ Approach to equilibrium was 
monitored by calculating RUS deviation of each data set compared 
to the last data set using the program MATCH (Jeff Lazy, National 
Analytical Uttracentrifugation Facfety, Stores, CT). Data were ana- 
lyzed and plotted by global nonlinear least squares fitting using the 
program WINNONLIN (22). 

RESULTS 

Overexpression and purification ofP2Xz-ECD. The 
P2X 2 -ECD was overexpressed in bacteria with an 
amino-terminal hexahisttdine-tag separable by throm- 
bin cleavage site. P2X Z -ECD was induced by 200 fM 
IPTG at 30°C for 3 h at a level of over 100 mg liter" 
bacterial culture, and the induced protein appeared in 
inclusion bodies. A rapid, single step-purification using 
Ni-affmity chromatography was performed, yielding 
approximately 50 mg of P2X 2 -ECD from 1 L cell cul- 
ture. The eluted P2X 2 -ECD was in excess of 95 % purity 
based on Coomassie staining and migrated with the 
expected mobility of 31 kDa protein (Fig. 2A). Cysteine 
sulfhydryl groups were blocked by sulfitolysis and the 
protein was refolded by the gradual removal of urea. 
Sulfite groups were then removed from the protein by 
reduction. After the removal of the amino-terminal 
hexahistidine tag by thrombin digestion, the resulting 
protein migrated as a single band with increased mobil- 
ity at the predicted molecular size of 29 kDa {Fig. 2B). 
Finally, P2X 2 -ECD was separated from proteolytic 
fragments and thrombin by gel filtration chromatogra- 
phy. The identity of P2X 2 -ECD and the actual cleavage 
site were verified by N-terminal amino acid sequenc- 
ing. The armnr^terminal amino acid of the final protein 
preparation was Ser 54 , which is internal to the pre- 
dicted thrombin cleavage site. 
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[a - 32 P\ -ATP photoaffinity labeling. To demonstrate 
that ATP directly binds to the purified P2X 2 -ECD, we 
carried out photoaffinity crosslinking of [a-^PJATP to 
the purified P2X 2 -ECD. Refolded P2X 3 -ECD displayed 
specific binding to [a- 3Z P]ATP and this binding was 
competahle by the antagonists suramin (1 pjM) and ci- 
bacron blue (10 (M). Purified P2X 2 -ECD denatured by 
8M urea (Fig. 3) showed the same level of ATP cross- 
linking whether an excess amount of nonradioactive 
ATP was present or not, indicating that denatured 
P2X r ECD binds a low level of ATP nonspecificaUy. 

The molecular size of P2Xi-ECD. We used gel fil- 
tration chromatography, dynamic light scattering, and 
analytical ultracentrifugation to determine the approx- 
imate molecular size and therefore the quaternary 
structure of the refolded P2X 3 -ECD. Fig. 4 A shows the 
gel filtration chromatography profile. The molecular 
size was estimated to be approximately 160 kDa based 
on elution times of four molecular weight standards. 
Dynamic light scattering, which measures the transi- 
tional diffusion coefficient of the protein, indicated an 
approximate molecular weight of 144 kDa (Fig. 4A. in- 
set). Equilibrium sedimentation centrlfugation was 
performed because it gives an estimate of molecular 
size which is independent of the molecular shape of the 
protein. The direct measurement of protein density by 
equilibrium centrlfugation (Fig. 4B) shows that the ma- 
jority of the protein is the form of tetramer (132 kDa) 
with a minor portion of octameric form. The octamer 
might be a crosslinked artifact of tetrameric form. 
These results indicate P2X 2 -ECD forms a stable tetra- 
mer in solution at a protein concentration at as low as 
0.1 mg/ml (3.4 jM for monomeric form). 

DISCUSSION 

We have shown that P2X 2 -ECD can be refolded to 
a stable tetrameric form in solution. In light of the 
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FIG. 3. Photoaffinity labeling of P2Xi-ECD with («-"P)ATP. 
Samples were incubated with 2 nM fc-^PlATP in the presence or 
absence of competitor, and compared to those incubated m the pres- 
ence of excess amount of nonradioactive ATP. d P2X 2 denotes dena- 
tured P2X 2 -ECD by 8 M urea. Suramin (1 )W and Cibacron blue 
(10 iM) have been used. Coomassie stained (upper panel) and autora- 
diogram flower panel) are shown 
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binding properties and abilities to gate the P2X, chan 
*L Correlation between these two^wS Spr" 
vide useful information to understand the mechanism 
underlying the channel regulation by the Ugand. 
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A Method for the Complete S Sulfonation of Cysteine Residues 
in Proteins* 

William W.-C. Chan 



abstract: A new method is described for the complete 
sulfonation of protein SH groups under mild conditions. 
The protein is treated with sodium sulfite and catalytic 
amounts of cysteine in the presence of oxygen and 8 
m urea. 

When applied to rabbit muscle aldolase, com- 
plete sulfonation was obtained within 1 hr. The reaction 
was shown to be specific for SH groups from studies of 
the extent of the reaction and the electrophoretic pattern 
of the product. S-Sulfonated aldolase was enzymatically 
inactive but after suitable treatment with /3-mercapto- 
ethanol was reconstituted to give the fully active enzyme. 
The 100% regeneration of enzyme activity suggests that 
the method might be suitable for studies where subse- 



quent recovery of biological activity is desired. In con- 
trast, the S-sulfonated aldolase prepared by two other 
methods gave little or no activity after similar treatment. 
The reaction requires the addition of cysteine which may 
be replaced by ^-mercaptoethylamme but not by /3-mer- 
captoelhanol or ditbiothreitol. Under the conditions 
studied complete sulfonation occurs in the pH range 
7.0-8,5 but little reaction takes place at pH 9.5 or higher. 
These findings suggest a role for the protonated amino 
group of cysteine in the reaction mechanism. Lactate 
dehydrogenaseand pepsinogen were also completely sul- 
fonated by this method. It is therefore suggested that the 
method may be generally applicable to proteins con- 
taining cysteine or cystine residues, 



WjulfUolysis has been frequently used for the cleavage 
of disulfide bonds in proteins (Cole, 1967). If the reac- 
tion is allowed to proceed in a dissociating medium 
(e.g., at high concentrations of urea or guanidine hydro- 
chloride) and in the presence of an oxidizing agent, all 
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the half-cystfne residues can be converted into the S- 
sulfonate cysteine derivative. The completely S-sui- 
fonated proteins so obtained are useful in the separation 
of polypeptides since they arc stable in neutral and 
acidic conditions (Swan, 1957). A distinct advantage of 



eal Research Council nf Canada. Presented in part at the Annual 
Meeu"n» of tho Canadian Federation of Biological Societies 
i&neston. Ontario. 1968. 



4247 



S SULFONATION OF CYSTEINE RESIDUES 



Received from < 934 4305 > at 1 0/1 5/03 5:22:34 PM [Eastern Daylight TimeJ- 



Oct 15' 03 05: 30p 



Intervet Inc. 



334 43Q5 



BIOCHEMISTS* 



RSSR f RSSO," +■ KS' 

I I 

[O] 

(RSH = cysteine residues in proteins or other 
SH compound) 

the-S-siilfonate as a blocking group is its ready removal 
by excess thiol treatment. In this respect it is similar to 
disulfides. 

The method has not been used to any extent on pro- 
teins which contain SH but not disulfide bonds. How- 
ever, the same reactions are involved, regardless of 
whether disulfide bonds are present or not because in 
both cases, oxidation is required for complete sulfona- 
tion. For the purpose of modifying SH groups in se- 
quence studies of proteins, the alternative methods of 
alkylation and performic acid oxidation are undoubt- 
edly superior to sulfonation since the modified groups 
in these methods are stable to add hydrolysis. Neverthe- 
less, 5-suLfonate or mixed disulfides must be used as 
blocking groups whenever it is desirable to remove 
them at a later stage. 

The present work was undertaken in conjunction 
with studies on the subunits of rabbit muscle aldolase. 
It has been shown that aldolase can be reversibly dis- 
sociated into subunits (Stellwagen and Schachman, 
1962; Deal et a/., 1963a). Under certain conditions, the 
subunits wilireassociate to give the native enzyme with 
essentially complete recovery of activity. However, 
when conventional methods (Swan, 1957; Katsoyannis 
et at., 1967) were used to prepare S-sulfonated aldolase 
and the 5-sulfonate groups were subsequently removed, 
only little or no enzyme activity could be recovered by 
reassociation of the subunits. This suggested that these 
methods might have caused irreversible physical or 
chemical change to the protein. An attempt was there- 
fore made to find alternative procedures for sulfonation. 
This paper describes a simple method which leads to 
complete S sulfonation under mild conditions. A striking 
property of the method is that a 100% recovery of 
aldolase activity is realized when the S-sulfonated 
derivative of aldolase is treated with excess mercapto- 
ethanol. Although most of the results described above 
were obtained using aldolase, other evidence presented 
indicates that the method should be generally applicable 
to proteins containing cysteine or cystine residues. 

Materials and Methods. Fructose diphosphate al- 
dolase (4.1.2.13) was prepared from rabbit muscle by 
the method of Taylor et at. (1948) and recrystallized 
three times. Aldolase activity was assayed spectro- 
photometrically as described by Racket (1947) and the 
unit of activity was defined as the amount required to 
cleave 1 ^imole of FDP/min. Thu molecular weight of 
aldolase was taken as 160,000 (Kawahara and Tanford, 
1966; Sia and Horeckcr, 1968). Lactate dehydrogenase 
(1.1.1.27) from rabbit muscle (lot 76153, specific 
activity 42$ units/trig) was supplied by Calbiochetn. 
Pepsinogen was a product of Worthington Biochemical 
Corp. Urea (A.C.S. grade) was recrystallized from 95% 
ethanol, washed with ether, and dried in an oven at 40°. 
Cysteine hydrochloride, EDTA, and sodium sulfite 
were feasant grade and supplied by the Fisher Scientific 



Co. Tris base and ^f-ethylmaleimide were obtained 
from Sigma Chemical Corp. The reagent grade guani- 
dine hydrochloride used was made by J. T. Baker and 
Co. and was found to be completely soluble in water. 
MS-Labeled sodium sulfite (lot 328-118) was purchased 
from New England Nuclear Corp. The initial specific 
activity was 10.5 mCi/mmole. It was diluted by adding 
carrier until the specific activity was close to 100,000 
cprn/jumole as determined below. 

Determination of Protein Concentration. Protein 
concentration was assayed either spectrophotornetri- 
cally from the absorption at 280 mp in 0.1 » NaOH 
or by the trichloroacetic acid method of BUcher (1947). 
The extinction coefficient, in 0.1 n NaOH 

was taken to be 9.1 for aldolase (Baranowski and 
Niederiand, 1949) and 8.85 for lactate dehydrogenase 
(Pfleiderer and Jeckel, 1957). The trichloroacetic acid 
method was calibrated against the spectrophotometric 
method using solutions of aldolase. For S-sulfonated 
proteins which are insoluble in water the method was 
modified by adding urea to a 2 m final concentration. 
The modified method was similarly calibrated. 
. Determination of Radioactivity. Aliquois Of solutions 
were dried on filter paper strips or Millipore filters and 
placed In scintillation vials. To each vial was added 15 
ml of a toluene solution containing 4 g of 2,5-diphenyl- 
oxazole and 50 rag of /r-bist2-(5-phenyloxazolyl)]- 
ben7ene per 1. The vials were counted in a Nuclear- 
Chicago, Model Unilux, scintillation counter. Counting 
efficiency was approximately 60%. 

Measurement of the Incorporation of a S-Leibe!ed 
Sulfite into Proteins. Three different procedures were 
used and all gave identical results. In one method, 
after the reaction the mixture was dialyzed exhaustively 
against water. The protein was then dissolved in 0.1 N 
NaOH and protein concentration was determined by 
measuring the absorption at 280 mu. Atiquots of the 
same solution were dried on filter paper strips for radio- 
activity counting. 

Alternatively, after the reaction the protein was 
precipitated by adding trichloroacetic acid to a final 
concentration of 10% and centrifuged. The precipitate 
was washed by redissoWing in 1 ml of 90% formic acid, 
then diluted to 3 ml, and reprecipitated by adding 
trichloroacetic acid and centrifuged. The washing pro- 
cedure was repeated three times. The protein was 
finally washed with acetone and then with ether, dried, 
and dissolved in 0.1 n NaOH. Protein and radioactivity 
were determined as described above. 

fn the third method, a 0.1-ml aliquot of the reaction 
mixture, was added to 3 ml of 10% trichloroacetic acid 
solution. After 5 mm the trichloroacetic acid solution 
was filtered through Millipore HAWP 02400 filters 
(pore size. 0.45 u) and washed thoroughly with 10% 
trichloroacetic acid solution. The filters were dried 
and counted for radioactivity. The amount of protein 
was calculated from the concentration in the original 
reaction mixture assuming complete precipitation and 
transfer. The specific activity of the SJ S-labeled sulfite 
used was determined using both Millipore filters and 
filter paper strips and the appropriate value was used 
for each method. 
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table i: Incorporation, of ,S S-Labeled Sulfite under 
Various Conditions.* 



Sulfite Total 
Groups Protein 
Additions Incarpd/Mote SH 



None 


27.3 


98 


CuSO< 


27.5 


98 


CuSOi + o-phcnanthrolme 


26.5 


95 


Cysteine omitted 


2.3 


3 


Cysteine omitted but with 






CuSO< 4- o-pheoanthro- 


3.1 


11 


lioe 






Ni atmosphere? 


11.1 


40 



"The reaction mixture contained dialyzed aldolase 
(2 mg/ml), Tris-HCI (0.1 m) CpH 8.4), urea (8 m), 
cysteine (2 X 10"* m), and Na^Oa (0.05 m) (80,000 
cpm/Mmole) except where otherwise stated, Alter 
incubation at 25" for 1 hr in an open vessel the protein 
was precipitated with trichloroacetic acid, washed, and 
radioactivity was determined. » A closed Warburg flask 
was used, and after introducing a nitrogen atmosphere 
the reaction was started by tipping cysteine into the 
mixtujjt containing the remaining reagents. 
1- : 



solved oxygen completely from the solutions of the 
reactants. 

S-Sulfoaated aldolase prepared in the absence of 
copper and o-phenanthrolinc was compared with 
the same derivative prepared id the presence of these 
reagents. The electrophoretic patterns of the two 
samples were indistinguishable and the recoveries of 
enzyme activity upon treatment with excess raercapto- 
ethanol were identical. The only difference observed 
was that after dialysis the protein derivative prepared 
in Che presence of copper still contained significant 
amounts of copper as shown by color reaction with 
sodium diethyldithiocarbamate, Since this may be an 
undesirable contamination in many cases, copper and 
o-phenauthroline were omitted in all subsequent 
experiments. 

The Effect of Other Suifhydryi Compounds. Since 
cysteine was shown to be necessary for the reaction, other 
SH compounds were tested for their ability to promote 
sulfonation. As shown in Table II, there appears to be 
some speciScity in. the requirement for a SH compound. 
/3-Mercaptoethanol was completely ineffective at two 
different concentrations and dithiothreitol (Cleland's 
reagent) had only a slight effect on the incorporation. 
On the other hand, jS-rnercaptoethylamine was similar to 
cysteine in giving a complete reaction. Hie significance 
of these results is discussed in a subsequent section. 

Other Properties of the Reaction. Figure 2 shows the 
time course of the sulfonation of aldolase. Under the 
conditions employed, the reaction was complete in 1 hr. 
The rate of the reaction was found to vary considerably 



table n: The Effect of Various SH Compounds on the 
Sulfonation of Aldolase.* 





Sulfite 


%of 




Groups 


Total 




Incorpd/ 


Protein 


SH Compound Added 


Mole 


SH 


None 


2.3 


8 


Cysteine (2 X 10-* m) 


27.8 


99 


/3-Mercaptoethanol 


1.6 


6 


(2 X 10- 'm) 






/8-Mercaptoethanol 


0.8 


3 


(2 X 10-' m) 






Dithiothreitol (2 X 


8.2 


30 








/3-Mercaptoeihylaminc 


27.8 


99 


(2 X 10- <m) 






•The reaction conditions used were identical with 



those described in Table I except that cysteine was 
omitted. 



with the extent to which the reaction mixture was in 
contact with air. For a typical, large-scale preparation 
using 200 mg of aldolase in 40 ml of 8 m urea solution, 
it was found necessary to direct a slow stream of air 
over the mixture with constant stirring. 

The effect of varying the concentration of cysteine is 
presented in Figure 3. Complete incorporation was 
obtained at cysteine concentrations of 2 X 10 - * and 
2 X TO - ' M. The amount of incorporation then de- 
creased with either higher or lower cysteine concentra- 
tion. These effects are discussed later in connection 
with the mechanism of the reaction. 

Since the oxidation of SH groups by molecular oxygen 
is known to be catalyzed by traces of heavy metals, the 
effect of chelating agents was investigated. The results 
are given in Table III. EDTA was found to have a 
partially inhibitory effect at concentrations of 10 -4 m 
or higher. The effect could be abolished by adding 
Cu 1 * or Mg" - ions. On the other hand, sodium diethyl- 
dithiocarbamate which is Known to bind strongly to 
copper does not inhibit significantly even at 10" J m 
concentration. Although the participation of trace 
metals is not entirely ruled out by these results, the 
fact that EDTA inhibits only at high concentrations 
suggests that it is of secondary importance. 

Table IV shows the effect of pH on the sulfonation 
reaction. Complete sulfonation was still obtained 
when the pH was reduced to 7.0. At pH lower than 7.0 
the extent of the reaction decreased in agreement with 
the suggestion that one of the reacting species is SOi 2- 
(Cecil and McPhee, 1955) and the p/C s of sulfite is 
about 7. The decrease in incorporation at or above pH 
9.5 is interesting in that it suggests that a protonated 
amino group in cysteine may be necessary for its effect 
on the reaction. 

Comparison with Other Methods of Sulftmalion. In 
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table ra: The Effect of EDTA and Sodium Diethyl- 
dithiocarbamate on the Sulfonation of Aldolase.* 



Sulfite % or 
Groups Total 
Incorpd/ Protein 



Additions 


Mole 


SH 


None 


27.5 


98 


EDTA (10-« m) 


26.8 


96 


EDTA (10-' m) 


20.2 


72 


EDTA(IO--m) 


11.5 


41 


EDTA (I0-» m) + CuSO, 


27.0 


96 


(10-» M) 






EDTA (10-» m) -f- MgSOj 


27.2 


97 


(!0-' m) 






Sodium diethyldithjocarbamate 


27.2 


97 


(lD-< m) 






Sodium diethyldithiocarbaraate 


24,8 


89 



UP' 1 M) 

• The reaction conditions were identical with those 
described in Table I. 



preliminary experiments, it was found that little or no 
aldolase activity could be recovered from S-sulfonated 
aldolase prepared by the eupric ammonium sulfite 
method (Swan, 1957) and by the use of tetrathianate in 
combination with sulfite (Bailey and Coin, 1959; 
Katsoyannis et at., 1967}. However, previous workers 
have used these methods successfully to prepare the 
S-sulfonated derivatives of the A and B chains of 
insulin (Dixon and Wardlaw, I960; Katsoyannis et al., 
1967) and insulin activity was obtained from these 
derivatives after treatment with excess thiol and reoxi- 
datioo. The extent of recovery of biological activity is 
important in many applications of the sulfonation 
reaction. It was, therefore, of interest to compare the 
above-mentioned methods using as a criterion the sub- 
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picure 2: Time course of the sulfonation of aldolase. The 
incorporation of 23 sulfite groups/mole of aldolase is token as 
100%. The reaction conditions were as described in Table 
I. At various times indicated, aliquots were removed and 
added to 10% trichloroacetic acid to stop the reaction. In- 
corporation was determined by the Millipore method (see 
Materials and Methods), 



sequent recovery of aldolase activity under identical 
conditions. The results are shown in Table V. In (wo 
separate experiments, no aldolase activity was recovered 
after using the tetrathionate-sullite method. The 
failure to obtain activity was probably not due to the 
effect of substituting suanidine hydrochloride (8 m) 
for urea, since when the method described in this paper 
was applied in guanidine hydrochloride (8 M), 80% 
recovery was obtained. The eupric ammonium sulfite 
method was found to lead to the recovery of only a 
small fraction of the original activity. Thus, in the case 
of aldolase the method described in this paper is far 
superior in the extent of recovery of activity. 

Application of the Method to Other Proteins, In order 
to test if the above sulfonation method was generally 
applicable, two other purified proteins were similarly 
sulfonated. In one experiment lactate dehydrogenase 
(1 . 1 . 1 . 27) from rabbit muscle was used. The commer- 
cial preparation, which contained mainly the M< isozyme 
with small amounts of the MjH hybrid, was passed 
through a Sephadex G-25 column to remove (NHj)jSOi. 



table iv ; The Effect of pH on Sulfonation, 






% ofTotal 


Buffer Used (pH) 


Protein SH 


Sodium acetate (5 . 0) 


26 


Sodium citrate (6.0) 


47 


Sodium phosphate (7,0) 


98 


Sodium phosphate (7.5) 


97 


Tris-HCl<7.5) 


102 


Tris-HCl(8.4) 


102 


NaHCCVCO, (9.5) 


21 


NaHCO,-CO,(I0.0) 


15 



* The reaction conditions were identical with those 
described in Table 1 except for changes in the buffer 
used. The buffer concentration was 0,1 u in all expert 
ments. 
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CYSTEINE CONCH. 

figure 3 : The effect of varying eyiteine concentration on the 
extent of sulfonation of aldolase. The details described in 
the legend to Figure 2 also apply here except that cysteine 
concentration is varied. 
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CHAN 



R-S-^S 



R— S + US — CH a 
I 

H 2 N— CHX 

R— -SH + S— CH, 
H 2 N — CHX 



figure 4: A possible explanation of (he effect of cysteine 
Co/cT^n "W?™ 1 * R represents prX and X 



^s:^r ted with rafaive « - 

The Incorporation was 0.119 „mol e of stilfite/mg of 

daTto^ °^i e i T f ° r 3 moIeCular w <^< of 1 35 000 
daltons. Other worker* <Di Sabato «• «/., , 9d3 . P ' flei . 

derer « at 1959) have reported the pcesm „ of \ 6 ^ 

hlnT^ "[^ enzyme " nd the absenc <= °f Sulfide 
bonds. ii e above ^ therefore sfaow ™. 

methS fienaSC COn,pIetel >' ^fonated by tnt 

'«! C l»h,T! t rcia !« PeP ^ en Was simi,ar, y treated with 
Jfiw f SUM e ' ^ Wportlfan of 5.8 groups of 
^fite/molo agam indicates complete reaction since the 
^iTrf pepslnosen is ^ow" to contain 3 disulfide 
bonds (Amon and Pertaana, 1963), These results 
suggest that the method should b= applicable to the 
sulfonauoa of proteins in general. In this method, the 
native configuration of the protein may be regarded as 

kZS; tBnt 5race the reaction ,akes placc * d *«*^- 



Discussion 

It is evident from the above results that the SH 
when treated w,ih sodium sulfite and catalytic am oums 
mdicate that the react™ >s specific for SH groups. 

ii^l r mber u° f SuJfona(c 8rou P s incorporated is 
equal to the number of SH groups known to be present 
W aWoIase. C2) AU of these sulfonate groups a „ ^ 
moved upon treatment with excess thiol. (3)The e Iectro- 
of CM ,C ,rr eW ° f th * product is H"** with that 
2™ ^ ' " WOUld be expected fr ° m * ^onsidera- 
t.on of the net charge in these derivatives. Although 
mod.ficat.on of other residues .under the reaction 
2S { 7 ^ out. there appears no 
sulfonation of restdues other than cysteine since 

I^mt , SUJ ! te - CF 13 ^"'^ * to occur to 

a significant extent since urea solutions freshly prepared 
from recrystallized urea are known to be rektivdTftee 
from cyanate (Stark et a,., l96 0). The compete re! 

SSfffi* aCtiVity . SUBgCStS *« ™«™ « 
are_ essential for enzyme activity have remained intact 

reaction requires the addition of certain SH 



Method of Sulfonation 



Tetrathionate+suliile in guanidine hy- 
drochloride' 
Cupric ammonium sulfite in 8 M urea« 
Cysteine+0.+sulfte in S m urea' 
Cysteine+O^sulrite in guanidine hydro- 
chloride* 



% R-ecov of 
Aldolase Act. 



0 

22 
100 



' A '^ a * was sulfonated at 1 mg/mi in each case. 
The products were dialyzcd and then treated a3 dt 

3£ r Kfl f th0dS . tot the ation of enzyt 

activity. 'Katsovann.s et cl. (1967). . S wan < l9 57) 
J As described in this paper. \"->'t. 



• nH T^ Un ,u an u Presencc of mol ««lar O, and thus 
of d^ulfide bonds and subsequent sulfitolysis. Although 
by molecular O s has been much studied, the mechanism 

hft S? ^f 16 " 1 here * fur,her ^"plicated in 
that the formation of protein-protein disulfide bonds 
protem^ysteme-mixed disulfide, and cysteine are all 
possible. At any moment, during the reaction, all these 

tolr™,l« Pr ° te "; N ° a " empt is A «*<*e "lade 
to formulate precisely the course of the reaction on the 

basu of available data. However, since the Mtia'pr^ 

ence of cysteme is required, the reaction clearly does 

not proceed mainly via protein-protein disulfides as 

n S' ateS u The eXtenSiVe formation of 'hese bonS 
m aldolase subumts which have a molecular weight of 
appro^mately 40,000 daltons (Kawahara and TaSord, 

The reaction U likely to involve the initial formation 

protein SH. Subsequent sulfitolysis then gives cysteine 
sulfonate and theS-sulfonated protein. The oLrvS 
ouf noS 6 Ca " he ^ Ced by ^^Ptoethylamine 
rroklr y t s; n,erC S t0etharto1 ° r di ""'°^"i,ol indicates 
me Su° t t f " el8hb ! Mn8 , « , '» ^ ou P- The decrease in 
?! ' XUnt of ^ rcac,1 °" « p H 9.5 further suggests (hat 
the um»o group must be protected. It has been rt 
cul^ eV10USli ' (McPhee> 195(9 «"« «de^o £ 

SMtS in £ f ^ ne ' a p0SSiUe «P»™tlon is pre- 
sented in Figure 4. The reaction proceeds Bfa the nucteo- 
iPhUK attack of the SO.^- ion on one of the sulfur atoms 

nXhh^ ? P UP 3 Pr ° t0n '"lately from the 
ne^bormg amino group. Since aldolase was shown to 
undergo rapid sulfonation, it is possible that m Rg^e 4 
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reaction I takes place in preference to reaction 2. How- 
ever, there are no obvious mechanistic reasons for such 
preference and an examination of molecular models has 
failed to reveal any steric reasons. Kinetic studies using 
structural analog s or cysteine are being conducted in 
this laboratory in order to clarify the reaction mecba- 
nism. 

fhJ^ P f°^ CSed . roIe of cvsteine is m agreement with 
the effect of varying cysteine concentration shown in an 
earlier section. At low cysteine concentrations, the for- 
mation of mixed disulfide is limited and protein sulfona- 
te is therefore incomplete. On the other hand at con- 
centrations higher than the optimal range, a consider- 
able amount of cvsteine remains unoxidized at the end 
of the mcubauon period thus tending to reverse the re- 
action. 

Previous work (Strflwagen and Scbachman, 1962) has 
shown that aldolase subtinits exist as "markedly dis- 
organized polypeptides in solutions containing > 4 M 
urea. Thus, during S sulfonation and the subsequent 
removal of sulfonate groups both of which take place in 
8 M urea, the aldolase polypeptides assume configura- 
tions essentially different from its native structure The 
introduction of 28 negative charges of considerable bulk 
must be expected to lead to a further departure from the 
native state especially since aldolase has been reported 
to contain 7-8 (Kowal „ «/.. 1965) or 16 (Stellwagen and 
Schachman, 1962) "buried" SH groups. Tfeat iterative 
enzyme was obtained after reeonstitutioff can be in- 
ferred from previous work using similar conditions 
(Stellwagen and Schachman, 1962) and is supported by 
tt« complete recovery of activity. Thus, there appears to 
Be a spontaneous refolding of the aldolase polypeptides 
into the native configuration. This represents one of an 
increasing number of cases (Anfinscn and Haber, 

Ul l 1963b) Where P roteins b »™ bw 

reconstituted from a denatured state. The result is 
constant with the hypothesis that the native structure 
of a protein is determined only by its amino acid se- 
quence (Crick, 1958). 

wV% SUl / f f^ ft reaction w as applied by Dixon and 
Wardlaw (I960) in an elegant separation of the A and B 
chains of insulin. The use of the reaction is, however 
not restricted to the cleavage of disulfide bonds but may 
include the reversible blocking of SH groups. An im- 
portant consideration in many such applications is the 
recovery of biological activity. Hitherto complete sulfo- 
nation of proteins was attained by using either cupric 
ammonium hydroxide at pH 10 (Swan, 1957) or sodium 
tetrathwnate (Bailey and Cole. 1959) as oxidizing 
agents. As shown in this paper, the recovery of aldolase 
activity after exposure to these sulfonation procedures 
»s low. In contrast, the mefhod described here gave a 
complete recovery of aldolase activity. It remains to be 
determined if such differences are shown when the 
methods are applied to other proteins. The reasons for 
these differences are not known. A previous report 
(Bailey and Cole, 1959) indicates that there may be some 
modification of tryptophan residues when protein is 
treated with tetrathionate. At the alkaline pH of the 
cupnc ammonium hydroxide method, some deamida- 
tion or peptide hydrolysis may occur. The method 



described in this paper thus represents an alternative 
procedure which may have considerable advantages 
over existing methods. 
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Spectral Studies of Iron Coordination in Oxidized Compounds of 
Hemoproteins. Difference Spectroscopy below 250 m^* 

Arthur S. BriUt and Howard E. SandbergJ 



abstract: The feasibility of observing the spectral 
behavior of protein groups in the coordination sphere 
of the iron in hemoproteins has recently been demon- 
strated. Application of the method, difference spectros- 
copy below 250 tan, to oxidized compounds of hemo- 
proteins is reported in this paper. The absolute absorp- 
tion spectrum (250-450 mu) of bacterial catalase com- 
pound I is displayed. Ultraviolet difference spectra (210- 
280 mu) of compounds HI of metmyoglobin andmethe- 
moglobin and compounds I and Tl of bacterial catalase 
and horseradish peroxidase nr. the free hemoproteins 
are shown. Compounds HI of metmyoglobin and 
methemoglobin, and compounds II of bacterial catalase 



and horseradish peroxidase have one difference band 
which peaks in the region 237-247 0141. Absorption in 
this region is assigned, in part, to a transition involving 
histidine in the ftfth coordination position, and in the 
other part to a charge transfer transition involving 
porphyrin. Compound I of bacterial catalase has two 
difference bands (235 and 224 rmt), while I of horse- 
radish peroxidase has a broad band which is probably 
the sum of two bands. The spectral properties of com- 
pounds I are like those of ferric hernoprotein com- 
plexes. The spectral properties of compounds II and 
III support the other evidence that these are ferryl 
structures. 
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VJeveral years ago, in the course of investigating 
possible involvement of tyrosine in the formation of 
compound I of catalase, we recorded difference spectra 
oj. free enzyme down to a wavelength of 230 m> 
and noted that the absorbance rose just as this wave- 
length was approached. We were thereby prompted 
to look deeper into the ultraviolet region, and found 
the bands described in this paper. In checking possible 
explanations of these bands, we were led to try more 
fundamental experiments with hernoprotein complexes 
(Brill and Sandberg, 1968). In the latter research, the 
groups involved have been identified on the basis of 
data from simple ligands. In this paper, the difference 
spectra of peroxide compounds vs. free proteins are 
reported and used to describe with more assurance 
than previously the coordination spheres of the iron in 
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the oxidized compounds of MetMb, 1 MetHb, BMC, 
andHRF. 

Only one spectroscopically distinct compound (de- 
noted in the literature as "compound HI") has been 
observed upon reaction of MetMb with any of the 
substrates HjO t , methyl hydroperoxide, or ethyl hydro- 
peroxide. The stoichiomctry of reduction of compound 
III by ferrocyanide indicates that this compound has 
one oxidizing equivalent above free MetMb (George 
and Irvine, 1952, 1953). Since the peroxide substrate 
has two oxidizing equivalents, one of the equivalents 
is not retained by the heme group. 

Similarly, only one spectroscopically distinct com- 
pound (also called "in") has been observed far the 
reaction of MetHb with HjO* (tCeilin and Hartree, 
1951 ; Dalziel and O'Brien, 1954). The oxidation state 
of MetHb III has not yet been determined. It is unlikely 
to differ from that of MetMb III. 

The reaction of HRP with either HtOs (concentration 
less than 1 mM so that a third compound of peroxidase 
does not form) or alkyl hydroperoxides produces two 
spectroscopically distinct compounds, labeled "I" and 
"U" on the basis of order of appearance. The stoichiom- 



1 Abbreviations used: MetMb, horse heart ferritnyoglobtn: 
MetHb, horse ferrihemoglobin; BMC, bacterial micrococcus 
catalase: HRP, horseradish peroxidase: HBC, horse blood 
catalase; suffixes I, II, and CI, compounds I, II, and 171. 
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Abstract 

Active immunization of women against human chorionic gonadotropin (hCG) has been considered as a promising option for 
contraception. However, prototype hCG vaccines based on natural sources of antigen are expected to be costlier for use by 
common people. In the present report, a functionally active, cost-effective antigen of bacterial origin has been described. 
Sulfonation of thiol groups of the protein, anion-exchange purification, refolding with concomitant formation of disulfide bonds 
in the presence of cysteamine-cystamine redox buffer, and stow removal of denaturant resulted in 9S% homogenous, monomelic 
form of the antigen. The recombinant processed antigen [CGPCp)] obtained this way was highly immunopotent. Cellular DNA 
and endotoxin contaminants were appreciably low in the final product. The immunogenic response was drastically reduced with 
the unprocessed antigen. This finding envisages better prospect of a co£t-effective hCG vaccine for birth control. © 2000 
Elsevier Science Ltd. All rights reserved. *" 

Keywords: Immunogenicity; Refolding; Recombinant CGp 



1. Introduction 

Human chorionic gonadotropin (hCG) is a heterodi- 
mer composed of an alpha (hCGcc> and a beta 
(hCGp)-subunit that combine non-covalently to form 
a biologically active hormone. It is an early signal for 
conception, and considered essential for both establish- 
ment and maintenance of pregnancy- Therefore, active 
immunization of women against hCG has been con- 
sidered as a promising option for contraception. The 
rationale for using a vaccine against hCG is to main- 
tain sufficient circulating antibodies capable of binding 
to hCG, rendering them ineffective for, biological ac- 
tivities [1,2]. 



E-mail address: amukhopa@notes.mdacc,tmc.cdu (A. Mukhopad- 
hyay)- 

1 Present address: Asok Mukhopadhyay, Cytokines Research Lab- 
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ton. TX 77030. USA. Tel.: + 1-713-792-6460; fax: +1-713-745-3916 



So far, three prototype hCG vaccines based on full- 
length native hCG& (nhCGf3) and synthetic peptide 
consisting of 37 amino acid residues of the C-terminus 
of nhCGp conjugated to tetanus or diphtheria toxoid 
as a carrier protein have been subjected to clinical 
trials [3-5]. However, none of these prototype vaccines 
is suitable in its present form for manufacture and 
widespread application for population control, mainly 
due to unaffordablc cost. Hence, there is a need to 
produce a cost-effective immunogen by recombinant 
DNA technology to meet this challenge [6]. During the 
last decade, .several mammalian systems [7-10] have 
been tried for over-expression of a functional hCGp\ 
However, the products were unsuitable due to quanti- 
tative and qualitative reasons. 

A cost-effective vaccine may be expected, if quality 
antigen is produced in high quantities in suitable mi- 
crobial systems. Bacterial expression of hCGP, its fold- 
ing and assembly with counter subunit, has been 
reported earlier in a different context [II]. In a pre- 
vious paper [12], for the first time it was shown that 
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bacteriaily produced hCG0 evokes a significant 
jmmune response in rats and monkeys. Here, purifi- 
cation and refolding of hCGp in an immunologically 
active form that consistently elicits high antibody titre 
in rats and partial characterization of the antigen are 
reported. 
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• 2. Materials and methods 

2.1. Culture of transformed E. coli expressing hCG$ 

E- coli strain BL2UDE3 [13], transformed with a 
plasmid harbouring gene of hCG(3 under the control 
of a phage T7 promoter, was grown in a 14L bio- 
reactor (Chemap AG, Switzerland). The composition 
of the medium and the culture conditions have been 
described earlier [14]. The culture was grown until the 
cell density of 6 gP 1 (dry weight) was attained. It was 
then induced with 3 mM of isopropyl-P-D-thiogalacto- 
pyranoside (IPTG) for 5 h. During fermentation the 
temperature, pH and dissolved oxygen were main- 
tained at 37.0±0.5°C, 7.2 to 7.4 and 20 ±5%, respect- 
ively. The expression of hCGp at the end of the 
induction period was confirmed by Western blot analy- 
sis of thejcell lysate. 
f 

2.2. Isolation of inclusion bodies 

Prior to cell separation, the culture broth was trea- 
ted with phenol and chloroform to a final concen- 
tration of 0.5% (v/v) at 3-7°C for 1 h. After 
centrifugation the cell pellet was suspended in 50 mM 
Tris CI buffer (pH 8.0) containing 5 mM EDTA and 
disrupted in a French Press (SLM Instruments 
Urbane. TL) at 1000 kg cm" 2 pressure [15]. The in- 
clusion bodies were recovered by centrifugation at 
7000 g for 10 min, and washed three times in the same 
buffer. The inclusion body pellet was stored at 4°C 
and processed within 2 days. 

2.3. Purification of recombinant hCG$ 

The inclusion body pellet was solubilized (1 gm pel- 
let per 20 ml buffer) in 50 mM Tris CI (pH 7.5J-6 M 
guanidine CI buffer. The solution was clarified by cen- 
trifugation at 35,000 g for 45 min at 15°C. The thiol 
groups of hCGJ3 were protected by sulfonation 
through treatment with sodium sulfite (10 mg ml -1 ) 
and sodium tetrathionate dihydrate (5 mg ml" 1 ) at 
room temperature for 12-14 h. The sulfonated protein 
(Protein-SS0 3 ) was dialysed in 50 mM Tris CI buffer 
(pH 7.0)-2 M urea, and purified on a Q-Sepharose col- 
umn (Pharmacia, Uppsala, Sweden). The protein was 
subsequently eluted by step-gradient of NaCl, and pro- 
tein fraction between 12 to 21 mS cm -1 conductivity 



was collected. In order to minimize cellular DNA and 
endotoxin contamination in the final product, the 
eluted protein was recycled three consecutive times on 
a Q-Sepharose column equilibrated with Tris-urea- 
NaCl buffer at 19 mS cm" 1 conductivity. 

2.4. Refolding of sulfonated hCG$ 

Prior to refolding, the sulfonated hCG(3 was dialysed 
in 50 mM Tris CI (pH 7.-5) containing 3 M urea, 
diluted to the concentration of 320 ug ml"' and 
degassed. In vitro folding of the protein was carried 
out in a redox- buffer containing reduced cysteamine- 
oxidized cystamine. The folding of hCG)3 was con- 
ducted at 5-8° C for a period of 12 h. Finally, the urea 
was removed by step-wise dialysis in buffers containins 
progressively lower concentrations of urea (3M-2M 
— »■ 1.5 M — » I M — » 0,5 M — > 0 M). Enzyme-linked 
immunosorbent assay (ELISA) using native hCGB 
specific monoclonal antibody was employed to com- 
pare antigens obtained in different redox buffers. The 
antigen processed by this route was termed as CGP(p). 
In an alternate procedure, Q-Sepharose -purified non- 
sulfonated protein was simply refolded by removal of 
urea in dialysis against normal saline. The protein 
folded in this manner was termed CG(}(up). 

2.5. Detection of cellular DNA and endotoxin 

The presence of cellular DNA, if any, in the purified 
antigen was determined by DNA slot-blot hybridiz- 
ation. For DNA probe, a mixture of purified'host (E. 
' coli strain BL21XDE3) chromosomal and plasmid 
DNA was labeled with 32 [P]-dCTP by nick translation 
using NE Blot Kit (NEB Laboratories, UK). Three- 
fold serial dilutions of the same DNA mixture (900 
pg-3.7 pg) as standard and unknown samples of differ- 
ent dilutions were blotted on a Hybond membrane 
(DuPont, Bannockburn, IL). The membrane was pro- 
cessed and hybridized using the standard protocol [16]. 
The hybridized membrane was exposed to a Phosphor- 
Imager screen for 2 h and analysed (GS-250, Bio-Rad 
Laboratories, California). A standard curve was 
plotted with different counts (cpm) versus correspond- 
ing standard DNA samples in pg. The DNA quantity 
in the unknown sample was then determined from the 
standard curve. 

The amount of endotoxin present in the final pro- 
duct was determined by a limulus amoebocyte lysate 
(LAL) test based on gel clot assay using Endosafe kit 
(Charles River, Charleston). In brief, samples of differ- 
ent dilutions (360 x , 720 x , 1440x and 2880 x) were 
incubated with the reagent at 37°C for 1 h. The pre- 
sence of endotoxin in the sample was indicated by the 
formation of an opaque gel. A firm gel is formed as 
the concentration of endotoxin exceeds the sensitivity 
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of the reagent. Thus the concentration of endotoxin in 
the original sample was calculated by multiplying the 
sensitivity of the test (0.25 EU ml -1 ) with the dilution 
factor. 

2.6. Enzyme-linked immunosorbent assay < EL1SA) 

Immunoreactivity of the antigen was assayed by 
ELISA as described earlier [17]. Briefly, a 96-well plate 
was coated (triplicate wells) with either native or 
recombinant antigen [nhCGP and CG(J(p)] at a con- 
centration of 5 ug ml -1 for 1 h at 37°C. The antigen- 
coated wells were blocked with 1% BSA for 1 h and 
reacted with serially diluted- monoclonal antibody 
against native hCGp for. 1 h at 37°C. The plate was 
washed four times in phosphate-buffered saline Tween 
20 (PBST), and bound antibody was detected by incu- 
bating with 1:10,000 diluted goat anti-mouse IgG-HRP 
conjugate (Nil Reagent Bank, New Delhi, India) for 
1 h at 37°C. The plate was thoroughly washed with 
PBST and then colour was developed by reacting with 
3,3'-diaminobenzidine (DAB) and H 2 0 2 ' in citrate- 
phosphate buffer for 5 win. The reaction was stopped 
by adding 5 N H 2 S0 4 , and the magnitude of reaction 
was determined by an ELISA reader. 

2.7. Biological activity of CGP(p) 

An equal molar proportion of CG3(p) and nCGa 
mixture was incubated at 37°C for 16 h. The annealed 
heterodimer, so formed, was quantitated by radio- 
immunoassay (RIA). The capacity of the annealed het- 
erodimer to stimulate testosterone (T) production was 
determined by mouse Leydig cell bioassay as described 
[18]. Leydig cells were prepared from mouse testes and 
were incubated with various concentrations of hetero- 
dimer and nhCG. The amount of T released by the 
cells was assayed by a standard World Health Organiz- 
ation (WHO) protocol using reagents supplied by 
WHO. 

2.8. Immunization and immunoassay of antisera 

The immunization protocol consisted of a primary 
immunization followed by two boosters in the 4th and 
8th weeks. Four groups, each comprising six female 
Wis tar rats 4-6 week old were used in the study. The 
animals of the first three groups received intramuscular 
injections of a 10 ug equivalent CGB(p) produced in 
three different batches, and the fourth group received 
CGP(up). The antigens were adsorbed on aluminium 
hydroxide gel (Alhydrogel, Superfos Bioseotor a/s, 
Denmark) as an adjuvant. Rats were bled on the 9th 
week of immunization. The anti-hCG antibody titre of 
sera was assayed by using a hCG-dimer specific radio- 
immunoassay [19]- 



2.9. Mixed lymphocytes proliferation assay 

Mononuclear cells from heparinized peripheral 
blood of monkeys immunized with CGP(p) were used 
for the assay. The mononuclear cells were separated 
by Ficoll-Paque (Pharmacia, Uppsala, Sweden) density 
gradient centrifugation, and the low density cells were 
collected and washed in RPMI-1640. The mononuclear 
cells were cultured using RPMI-1640 containing 10% 
autologous sera. About 5 x 10 5 cells in 200 \x\ were 
grown in triplicate wells of a 96-wdl flat-bottom 
microtitre plate for 54 h in the presence of either 10 ug 
ml" 1 nhCGP or CGp(p). Three replicate wells were 
also set up, either with medium (no antigen) or with 
5 ug ml -1 Concanavalin-A as controls. After 54 h of 
culture, cells were pulsed with 1 uQ 3 [H]-thymidine for 
18 h. The pulsed cells were harvested, and the amount 
of labeled thymidine incorporation in each sample was 
determined by a liquid scintillation counter (Beck- 
mann, Palo Alto, CA). 

2.10. Analytical 

The protein concentration was estimated by BCA re- 
agent (Pierce, Rockford, IL). The purity of the antigen 
was determined in 12.5% (w/v) SDS-PAGE [20]. The 
hCGp was identified by Western blot, where resolved 
protein in the polyacrylamide gel was electrotrans- 
ferred on a nitrocellulose membrane [21], and probed 
. with hCGp-specific monoclonal antibody. N-terminus 
sequence of the purified recombinant hCGp was deter- 
mined in an automatic sequencer (Applied Biosystem, 
California). The heterogeneity of CGp(p) was deter- 
mined by non-reducing SDS-PAGE and by HPLC- 
GPC using an analytical Protein-Pak SW 300 column 
(Waters, Japan). The flow rate of the mobile phase 
(100 mM phosphate buffer, pH 6.8) in column was 
maintained at 1 ml min -1 . The intrinsic and extrinsic 
fluorescence spectra of CGp(p) were studied as per 
protocol described earlier [12]. 



3. Results 

3.1. Fermentation and isolation of inclusion bodies 

The transformed E. coli was grown in a 14L bio- 
reactor under controlled pH, temperature and concen- 
tration of dissolved oxygen. The medium was 
periodically supplemented with minerals and complex 
proteinaceous nutrients. The amount of hCGp 
expressed in the IPTG induced cells was 10% of the 
total stainable protein, calculated on the basis of densi- 
tometric analysis of the Coomassie brilliant blue 
stained gel (data not shown). The total yield of hCGP 
in the culture stage was 150 mg P 1 . The purity of 
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hCG(3 in the washed inclusion body pellet was 30- 
35% [15]. The inclusion body pellet was solubilized in 
6 M guanidine CI, and the thiol groups of the protein 
were sulfonated to avoid the formation of aberrant 
intrachain and interchain disulfide bonds, and sub- 
sequent aggregation. Each thiol group was converted 
to sulfonated form, as no free thiol group was detected 
in the modified protein. 

3.2. Purification of sulfonated hCG$ 

Sulfonated hCG(J was purified using a fast flow Q- 
Sepharose matrix. In each run 120 mg sulfonated pro- 
tein was loaded on the column, of which 60 + 6% pro- 
tein was bound to the matrix. The sulfonated hCGp 
was eluted in a step gradient between 0.12 to 0.25 M 
concentrations of NaCl, which correspond to the con- 
ductivity of 12 to 21 mS cm -1 (Fig. 1). The purified 
hCGp was more than S7% homogenous on SDS- 
PAGE, and immunoreactive to hCGP-specific mono- 
clonal antibody as shown in the Western blot (Fig. 1, 
inset). The recovery efficiency of the anion-exchange 
purification step was 90 ±4% (number of experiments, 
ii = 3). The partial N-terminal sequence of Q-Sepha- 
rose purified sulfonated hCGp was SKEPLRPRCRPI- 
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Fig. I . Purification of sulfonated hCG(3 in anion-exchange chroma- 
tography. The sulfonated protein was dsalysed in 2 M urea-50 mM 
Ttis CI buffer (pH 7.0), and loaded on a pre-equilibrated Q-Sepha- 
rose column at a Sow rate of 3 ml min - '. After washing the column, 
the bound protein was eluted by step-gradient of NaCl. The shaded 
portion of the chromatogram represents elution profile of the sulfo- 
nated hCGp during step-gradient of 0.12 to 0.25 M NaCl. Inset A: 
Coomassie blue stained band of sulfonated hCGp; D: Western blot 
of the protein probed with hCGP-specific monoclonal antibody. 




NATLAVEK, the same as the first 20 amino acids of 
the nhCGp. 

i.3. Refolding of hCG$ 

In vitro refolding of hCGp with concomitant disul- 
fide bond formation includes regeneration of native, 
non-covalent interactions and the formation of co- 
valent bonds. In this study, the folding of sulfonated 
hCGj3 was carried out in the presence of different com- 
position of the cysteamme-cystamine redox pair. 
After disulfide exchange, urea was removed from the 
reaction mixture by slow dialysis. Fig. 2 depicts the 
extent of recognition of CGP(p), folded in five different 
compositions of the redox pair, by monoclonal 
antibody specific to native hCGp. The antibody recog- 
nition to CGP(p) was minimum at a lower reduction 
State of the buffer (lower ratios of [Cysteamine] x 
[Cystamine] -1 ). The antigen-antibody reaction wa^ 
observed highest at a redox pair, composition of 2:1, 
yet comparable to that with the nhCGp (Fig. 2). The 
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Fig. 2. Irnmunoreactiviiy of recombinant antigen, folded in a differ- 
ent composition of redox buffers. In each case 120 jig ml - ' degassed 
sulfonated hCGj3 was refolded in the presence of reduced cystea- 
mine-oxidwed cystamine at molar proportions of 0.5:1, 1:1, 2:1, 5:1 
and 10:1 in 3 M urea-Tris CI buffer (details are given in Materials 
and Methods). A 96-well plate was coated with either nhCGp, or 
refolded CGp(p) at a concentration of 5 ug ml"'. The coated antigen 
was probed with 1:10,000 diluted nhCGp-speeific monoclonal anti- 
body. Bar represents the mean±SEM, 
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Fig. 3. (A> Retention profile of CGp(p) in an analytical gel filtration column. The sulfonated hCGfS was refolded in cysteamine-cystamine redox 
buffer of 2:1 molar composition. The CGf3(p) Jfas loaded on the column and chromatographed using 100 mM phosphate buffer as mobile phase 
at a flow rate of 1 ml min -1 . (B) Electrophoresis orCG|3(p) in 12.5% SDS-PAGE gel. Lane 1: CO(J(p) boiled in reducing sample buffer. Lane 2: 
Freshly refolded CGp(p) boiled in non-reducing sample buffer. Lane 3: CGp(p) was frozen and stored prior to boil in non-reducing sample buf- 
fer,- " " 



CGp.(p) used in the subsequent experiments was 
refolded in redox buffer composition of 2:1. 

In order lo determine the formation, if any, of 
dimer or oligomers during the folding process, CGp(p) 
was analysed by HPLC and non-reducing SDS- 
PAGE. Shown in Fig. 3(A) is a single major peak of 
monomeric CGp(p) at 95% homogeneity. The peak 
retention time of CGp(p) was 11 min. The same 
refolded molecule exhibited a single band on gel, 
which migrated more than the reduced form of the 
antigen, (Fig. 3(B), lane 2). Storage of CGJ3(p) in a fro- 
zen state facilitates aggregation of the protein, as mul- 
timeric forms were detected in the non-reducing gel 
(Fig. 3(B), lane 3). 

The biological activity of CG|3(p) was assayed to 
find out the magnitude of its native conformation 
obtained during folding. It was revealed from X-ray 
crystallography study that hCG-heterodimer is stabil- 
ized by a segment of p-subunit which wraps around 
the a-subunit and is covalently linked by the disulfide 
bond (cys26-cys 110 ) [22]. This feature appears to be 
essential for the association of subunits and also for 
receptor binding of the hormone. Thus before associ- 
ation it is important for each subunit to attain its 
native conformation. In the present context, only the 



natively folded CG|J(p) molecules associate with their 
counter subunits (nCGa) to become biologically active 
for stimulating T production in Leydig cells. There- 
fore, T production has been considered a satisfactory 
functional parameter to determine the biological ac- 
tivity of this .hybrid hormone, which apparently 
increases with the heterodirneric form and hence with 
the native conformation of CGf5(p). It was found from 
the dose response study (data not shown) that 6.7 pg 
of nhCG or an equivalent amount of the annealed 
hybrid hormone (based on RIA estimation) stimulated 
50 pg testosterone in the Leydig cells. Thus, on the 
basis of steroidogenesis, the refolding efficiency of 
CG|3(p) was calculated as 13% (Table 1). 

3.4. Cellular DNA and endotoxin 

Table 2 shows residual cellular DNA and endotoxin 
in the semiprocessed and in the final product of a 
representative batch of antigen preparation. It has 
been found that the majority of DNA and endotoxin 
loads in the product were removed in the first stage of 
recycle. In the course of subsequent stages of recycle, 
these impurity loads in the product were further mar- 
ginalized to variable extents. 
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Tabic I 

Refolding efficiency of CGpXp)" 



Sulfonated-hCG|5 {ug ml"') hCG-equivalent by RIA (ug ml"') hCG-equivalent by steroidogenesis (ug ml"') Refolding efficiency (%) 

120 15.4 15.4 13 

* The concentration of sulfonated hCG0 was determined by BCA reagent. The refolded CGp(p) was annealed with nCGo„artd the heterodimer 
was quantitated by RIA. Based on RIA values, equal amounts of heterodimer and nhCG were used in the dose response study. The T produced 
by the Leydig cells was measured by WHO kits. The dose response curves for nhGG and that of heterodimer were superimposable, which means 
heterodimer detected by RIA was 100% biologically active. So, the refolding efficiency was calculated as 15.4/120 (-13%), as 1 mol of CG3(p) 
is annealed w ith 1 mol of nCGa to form 1 mol of biologically active hormone. 



Table 2 

DNA and endotoxin contents in the intermediate and final product 



Sample type 


Protein (mg ml -1 ) 


DNA (pg ml - ') 


Endotoxin (EU ml -1 ) 


DNA in unit protein (pg mg" 1 ) 


Endotoxin in unit protein (EU mg- 1 ) 


Initial 3 


1.23 


1965 


> 360 


1600 


> 293 


1 


1.10 


290 


< 45 


268 


< 41 


II 


1.05 ■ 


105 


■s 45 


100 


43 


III 


0.93 


51 


•s 45 


52 


< 46 \ 



" Protein eluted from Q-Sepharose column between 0.12-0.25 M NaCl gradient. I: Sample obtained after first recycle through Q-Sepharose col- 
umn equilibrated for protein non-adsorbing conditions (buffer: Tris Cl-urea containing 0.20 M NaCi, 19 rnS cm -1 conductivity), il and lit: 
Samples obtained from the II and XII stage of recycles. The endotoxin content in the initial sample was >360 ( = 0.125 x 2880) EU ml - ', as 
sample solidified at 288Qx dilution, whereas samples 1, II and III did not solidify at lower dilution (360x), hence endotoxin content was <4S 
(=0.125 x 360) EU ml -1 . 



3.5. Consistency of the final product 

Immunoreactivity and the parameters of fluor- 
escence spectra were used to determine the consistency 
of refolded CGP(p) produced in different batches. The 
results of three batches of antigen are summarized in 
Table 3. The CGp(p) produced in three batches 
reacted almost equally with the monoclonal antibody 
specific to nhCG|3. The intrinsic and extrinsic fluor- 



escence spectral patterns were also consistent in all 
three batches of the antigen. 

3.6. Immunogenieity 

The antibody response to CGP(p) produced in three 
different batches are shown in Fig. 4. In all cases maxi- 
mum antibody titre obtained on the 9th week of im- 
munization were 3.1 ±0.80 u.g ml"', 4.2 + 0.70 ug ml -1 



Table 3 

Immunorcactivity and parameters of fluorescence spectra* 



Batch no. 


Jmmunoreactivity (absorbance at ODjjj in arbitary unit) 


Intensity of emission spectra 

Intrinsic Extrinsic 
(arbitary unit) 


Blue shift of extrinsic spectra (am) 


Sulfonated 


0.29 


0.18 0.35 




I 


0.60 


0.43 0.45 


15(535-520) 


II 


0.75 


0.45 0.49 


12 (535-523) 


III 


-0.55 


0.41 0.40 


15 (535-520) 



' Results of three different batches of folding experiments are given. In each case, 120 pg ml" 1 sulfonated hCGp was taken in TrisCI-urea buf- 
fer in presence of cysteamine-cystamjne redox compounds at a molar ratio of 5:2.5. The folding was carried out at 4°C for 14 h, which was fol- 
lowed by slow removal of urea by dialysis over a period of 3 days. For immunorcactivity, 10 ug ml"' protein was quoted on ELISA plate, 
followed by reaction with primary and HRP-conjugated secondary antibodies, as described in Materials and Methods. The intrinsic fluorescence 
spectra was recorded in a 1 0 mm path-length call in a total volume of 3 ml containing 2.98 ml of 20 mM phosphate buffer (pH 6.8), 5 mM KC1 
and 20 ul protein {500 nM). The extrinsic spectra was determined in the presence of 300 uM of 8-anilino-I-naphthalene-sulfonic acid (ANS). The 
samples were excited at 270 nm and 380 nm to record intrinsic and sxtrinsic spectra, respectively. Blue shifts of extrinsic spectra were calculated 
from the differences between emission spectra of sulfonated hCGp (535 nm) to that in three batches of refolded protein. 
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Batch number 

Fig, 4. The hCG-binding capacities of sera samples of Wisiar rats (« 
*• 6). Wisiar rats were immunized with 10 pit equivalent of alum 
adsorbed either CGp(p), produced in three different batches, or alum 
adsorbed CGP(up). Injections were given at 0, 4 and 8th weeks. Rats 
were bled on the 9th week of immunization., and anti-hCG antibody 
titres were assayed using hCG-dimer specific RIA. Batches no. 1-3: 
CGp(p) produced in three different batches; batch no. 4: CG3(up). 



and 3.4 ± 0.60 u'g ml"* 1 . The antibody titres sub- 
sequently. dropped to 0.25-0.40 ug ml -1 over a period 
of 21 weeks~(data not shown). Interestingly, the injec- 
tion of CGP(up) elicited negligible (<50 tig ml -1 ) anti- 
body response (Fig. 4, batch no. 4). 

3.7. Lymphocyte proliferation 

In order to evaluate potential T-cell response to 
native or recombinant antigen, CGP(p)-primed mono- 
nuclear cells were cultured in the presence and absence 
of the antigen. The T-cell proliferation indices of four 
monkeys in response to the native or recombinant 
antigen are shown in Table 4. Out of four, three mon- 
keys responded to both forms of the antigen. Inciden- 
tally, the monkey (MRA 474) which did not respond 
positively in the proliferation assay was a low respon- 
der one in terms of eliciting anti-hCG antibodies. 



4. Discussion 

The yield of p-subunit of human chorionic gonado- 
tropin expressed in E. colt as inclusion bodies was su- 
perior to that obtained in other expression systems [7- 
10]. The recombinant antigen was purified to about 
90% homogeneity in one-step anion exchange chroma- 
tography. The purified antigen was immunoreaetive to 



native hCGp-specific monoclonal antibody. The N-ter- 
minus sequence (20 aa) of the expressed subunit hor- 
mone was identical to that of the native protein 
beginning with serine in position one. The amino acid 
sequence indicates that the expressed protein was ade- 
quately processed to remove N-terminus methionine. 
This was possible due to the presence of serine and 
lysine next to N-terminus methionine of the immature 
protein. It has been found that the in vivo N-terminus 
methionine is completely processed by methionine ami- 
nopeptidase, provided the side chain of the amino acid 
next to it is short and/or the amino acid is uncharged 
[23]. 

The hCGP molecule contains 12 half-cystines which 
make six disulfide bonds. The thiol groups of proteins 
are unstable in vitro, as the disulfide bonds are often 
generated in the oxidizing environment at the time of 
processing. Spontaneous oxidation of the thiol groups 
results in random paired disulfide bonds with conse- 
quent possible changes in the conformation. In order 
to improve the yield of the monomeric form of the 
antigen, the thiol groups were first protected by revers- 
ible modification with sulfonate groups. The modified 
protein was refolded into almost 100% soluble mono- 
meric CGfj(p) in presence of redox buffer. This was 
evident from the absence of oligomers in the non-redu- 
cing gel and from the elution profile of the gel fil- 
tration chromatogram. Previously it has been reported 
by other investigators that oligomers and large mol- 
ecular aggregates were formed during in vitro folding 
of hCGp* [11]. It is important to mention here that 
these investigators did not protect thiol groups prior 
to folding. The formation of multimeric protein was 



Table 4 

Proliferation of CGpXp) primed T-cells in response to nCGfJ- and 
CGMp}» 





Proliferation index 






Antigen 




Monkey 


nCGp 


CGfJ(p) 


Antibody response 


MRA 674 


3.17 


3.20 


+ 3 


MRA 551 


2.95 


3.63 


4-2 


MRA 474 


1.12 


1.04 


1 


•MRA 550 


2.86 


2.56 


+ 2 



" Each monfcey was immunized with three injections each af 75 ug 
CG3(p) adsorbed on alum. Peripheral blood was collected in 12th 
week of immunization, and presensitized mononuclear cells (5 x 10' 
cells/well) were cultured in the presence or either nhCG0 or CG|5(p) 
at a concentration Of 10 pg ml"'. After 54 h, cells were pulsed with 
1 nCi 'iHJ-thymidine/ivell for 18 h. and its incorporation was deter- 
mined. Proliferation index was calculated from the ratio of 'fHJ-thy- 
midine incorporation by the cells in presence and absence of antigen. 
Antibody response: +3 (anti-hCG titre of 1000-1500 ng ml"'); anti- 
body response: +2 (anti-hCG titre of 500-1000 ng ml" 1 ): antibody 
response: 1 (anti-hCG titre below 200 ng mi -1 ). 
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believed to be due to inter-molecular disulfide bond 
• f or mation and/or non-covaient association of the 
m onorners. The monomelic CGj3(p) obtained in this 
investigation was a result of protection of the thiol 
groups, thiol/disulfide exchange in cysteamine-cysta- 
itiine redox buffer in presence of 3 M urea, and step- 
wise removal of urea after refolding. The result also 
suagests that CGP(p) is partially aggregated, if stored 
frozen. 

Immunoreactivity of the refolded protein was chan- 
ged with the redox status of the folding reaction buf- 
fer. The antigen-antibody reaction was maximum in 
ihe case of protein folded in 5 mM cysteamine and 
2.5 rrrM cystamine redox buffer. Again, the magnitude 
of this reaction (optical density) was comparable to 
lluit with the native antigen. This demonstrates that a 
minority of the antigenic determinants were probably 
conserved in CGp(p), if not completely. 

All three batches of the antigen elicited significant 
and comparable amounts of antibodies in Wistar rats, 
indicating that CGp(p) was consistent in immunogenic 
response. In an earlier paper [12] it was shown that the 
recombinant antigen elicited bioneutraiizing antibodies 
comparable to that obtained using native antigen. The 
results of the immunogenicity test demonstrate that 
CCP(p) had apparently the right conformation to pre- 
sent major B-cell epitopes on the surface. It has been 
reported earlier that B-cell epitopes in nhCGp* are, by 
and large, discontinuous, which depend primarily on 
ihe conformation of the molecule [24]. That CGp(p) 
.sensitized T-cells proliferated equally well in response 
to recombinant or native antigen also indicates that 
activated T-cells did recognize both forms of the anti- 
gen. This could be possible primarily due to confor- 
mational similarities between the recombinant and the 
native antigen. 

In order to understand whether protection of the 
Uisullide bonds followed by oxidative folding is essen- 
tial Tor immunogenicity of the recombinant protein, 
the unprocessed antigen [CGp(up)] was tested for anti- 
body response under identical conditions. The anti- 
hCG» antibody titre was significantly low as compared 
io that elicited by CGP(p). This was probably due to 
improper folding of CGf5(up) leading to non-avail- 
ability of B-cell epitopes on the surface. Both forms of 
'he aniigen [CGp(p) and CGP(up)] were then analysed 
fur die structural variation, if any, by limited proteol- 
ysis and with the help of fluorescence spectra. The 
results showed sharp differences in the emission spec- 
ial patterns [12] between the two forms of the antigen 
""Keating structural differences. This observation was 
supported by the finding that trypsin digested CGP(p) ' 
am J CGP(up) liberate few dissimilar protein fragments 
Q " the SDS-PAGE gel (data not shown). 

The present endeavour demonstrates refolding of 
'"active 0-subunit of hCG to a functionally active anti- 
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gen. The processed antigen [CGp(p)] was highly immu- 
nogenic, and elicited bioneutraiizing antibodies in 
experimental animals [12]. The recombinant antigen 
was produced in a highly purified form, and is 
expected to be cheaper than the available forms of the 
antigen. This report will bring impetus in the develop- 
ment of a cost-effective birth control vaccine. 
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